Abstract. To estimate the mutual effect of economic policy among
Introduction
Economic policy is one of the most important means for governments to administrate the markets, while economic policy uncertainty (EPU) tends to cause economic fluctuation, which can be divided into political and economic uncertainties. The former is mainly performed as general election of governments while the latter is represented by various fiscal and monetary policies put forth by governments. The general elections do not frequently occur and it is difficult to predict the selection results while the formulation of fiscal and monetary policies of governments is unobservable. As a result of such information asymmetry, it is hard for market decision-making subjects to form a steady prospection, so it is inevitable to have fluctuation in economic activities. Stock & Watson (2008) regarded EPU as an important factor inducing global financial crisis in 2008 and delaying economic recovery. Therefore, measurement of EPU and its influence on overall economy has attracted wide attention in recent years. Numerous researches concentrate on the influence of EPU on macroeconomic variables of a country (Ferrara & Guérin, 2016) or the mutual influence between both parties of international trades. However, there are only a few researches about the interaction of EPU among multiple countries especially countries within an economic entity (for instance, European Union (EU)). Therefore, the following three problems are worthy studying including the correlation of EPU among multiple countries, dominant countries leading economic policy fluctuation and whether UK's exiting from EU has an influence on economic policy co-movement.
The rest contents are organized as follows: Section 2 shows relevant literature overview; Section 3 displays the methods and data sources; Section 4 gives the analysis and explanation of empirical results; Section 5 displays the conclusions.
Literature overviews
For economics, the earliest research on uncertainty can be traced back to Keynes' A Treatise on Probability (2013) and Knight's Risk, Uncertainty and Profit (2012), and numerous scholars suggested that uncertainty exerts a negative effect on economic activities. For example, Bernanke (1983) and Stock & Watson (2012) believed that uncertainty is an important inducement leading to global financial crisis in 2008. However, part of uncertainty is derived from immeasurable political uncertainty (Morikawa, 2013) . Although numerous scholars tried to deal with political uncertainty through taking government succession and officer selection into consideration, the institutional changes do not frequently occur and are not suitable for mutual relational analysis among countries. While dealing with the uncertainty influence of different countries or regions, numerous scholars carry out the researches from the perspective of systems. For instance, Pastor & Veronesi (2012) indicated that uncertainty probably weakens the protection effect of governments on property rights, so the countries with low marketization degrees are more greatly influenced in view of property right protection. Calomiris et al. (2012) discussed the influence of uncertainty on different countries from the perspective of marketization. In the above researches, uncertainty is not directly measured while the influence of uncertainty is measured by using VIX in financial market, for example, Bloom (2009) .
Although the method exhibits a favorable effect on financial market, it is probably not suitable for the wider macroeconomic environment. Additionally, in view of different information sources, scholars designed different uncertainty indices. For instance, Scotti(2016) proposed an index reflecting macro-economic uncertainty of economic subjects, and Jurado et al. (2015) put forward an index calculated according to un-predicative variables of macro-economy and finance. Rossi & Sekhposyan (2015) designed new indexes based on Juardo et al. (2015) . However, up to now, the economic and political uncertainty index designed by Baker et al. (2016) based on news report is the most influential.
The grey system theory proposed by Deng (1982) has been applied to deal with the problems in the absence of system information or with incomplete system However, these improved GRA only display the overall correlation degree among variables but fail to provide the correlation coefficients at each observation point. To measure the dynamic change trend of correlation among EPU indices in EU from the time dimension, the classical GRA proposed by Deng (2002) is applied in this study.
Data and methods

Data
The EPU index applied in the study is taken from the indices constructed based on news report frequency by Baker et al. (2016) and the specific data are collected from http://www.policyuncertainty.com/index.html. For European countries, the specific method to construct the index is displayed as follows: newspapers from two press offices are taken in each country and the news numbers with the following specific words are counted. The specific words include: (1) uncertain or uncertainty, (2) economic or economy, and (3) Moreover, it can be seen that the UK, France and Germany have large absolute figures, which indicates that EPU of the three countries is larger than that of other countries. Additionally, EPU index of the UK has two peaks, which is caused by the exiting from EU in July 2016. Table 1 shows descriptive statistics of EPU indices of various countries. It can be seen from the table that Sweden and the UK exhibit the lowest and the largest fluctuation ranges of EPU, respectively while the latter is followed by France, Germany and Spain in terms of fluctuation range. Jarque-Bera test of sequence normality shows that at a significance level of 5%, the sequences of other countries significantly reject the null hypotheses except for Sweden and Ireland, which indicates that EPU index is not derived from normal populations. 
Grey relational model
Grey relational analysis is mainly applied to calculate the correlation degree between behavior and relevant factor sequences of systems and this kind of models is represented by the grey relational model (Deng, 2002) . Moreover, based on four axioms of grey relation, the model is used to measure the similarity of system change trend according to the distances between corresponding points of sequences. Different from the common statistical analysis such as regression analysis and variance analysis, GRA does not require large sample size data and there is no hypothesis of prior distribution for data. For the system behavior sequence:
As well as relevant factor sequence:
, assuming that: The specific steps to calculate the grey relational degrees are shown as follows:
Step1: Dimensionless processing is conducted on each sequence using commonly used methods including initial value and mean value methods. Considering that the all sequences of the EPU index have the same dimensions, it is unnecessary to carry out the processing.
Step 2: The difference sequence is solved, which is displayed as follows:
Step 3: Maximal and minimal differences of both ends are solved, recorded as follows:
Step 4:Calculation of correlation coefficient 
Where,  refers to identification coefficient, which generally values 0.5.
Step 5: Calculation of correlation degree;
Preference analysis
After calculating the grey relational degree of the system, grey relational matrix can be further calculated so as to analyze the advantages of various factors. The grey relation matrix is defined as follows:
Suppose that 1 2 , , , Table 2 displays the grey relational matrix calculated by using the data.
Empirical results
4.1Relational order of EPU indices of the eight countries in EU
It can be seen from Table 2 that the grey relational degrees of the eight countries exhibit dissymmetry, which indicates that there is the influence of system environment. Moreover, the values are all larger than 0.8, which implies that EPU indices of the eight countries exhibit a significant grey relational effect.
Based on the grey relational matrix, preference analysis of economic policy influence of the eight countries is further conducted. The result is shown in Table 3 and Table 4 .
The following relational order can be obtained based on Table 3 when EPU index as system character.
The following relational order can be obtained based on Table 4 when EPU index as factor. own. This further suggests that EPU of France and the UK is mainly dominated by their own countries.
France UK Gemany Ireland Spain Sweden Netherlands Italy
Point relational coefficients of EPU indices of the eight countries
To explore the dynamic change trend of EPU indices of the eight countries, point relational coefficients of EPU of the eight countries are analyzed.
Figures 2~9 display the sequences of grey point relational coefficients by separately taking Sweden, Germany, Italy, UK, France, Spain, Netherlands and Ireland as system behavior sequences. It can be seen from Figure 2 that Sweden has the largest point relational coefficients with Netherlands and Italy while low and greatly fluctuating grey relational degrees with the UK, France and Germany. It indicates that the correlation of EPU of Sweden with the UK and Germany is not dominated by its own factors.
It can be seen from Figure 3 that the point relational coefficients of the UK and France with Germany exhibit a more significant difference compared with those of the other countries. This is illustrated by a lower grey relational degree compared with those of the other countries. It indicates that the EPU of Germany with the UK and France exhibits complex correlation, which is not controlled by any country.
It can be seen from Figure 4 that Italy shows the largest point relational coefficient with Sweden and Netherlands while low grey relational degrees with the UK, France and Germany and the fluctuation degree increases. It indicates that the correlation of EPU of Italy with the UK and Germany is not dominated by its own factors.
France shows the largest grey relational degree with the UK, followed by Germany and Ireland. It can be seen from Fig 5 that the point relational coefficients of the other countries are highly similar to that of the UK, which indicates that EPU of the UK is mainly controlled by its own factors. Moreover, the grey relational degree between the UK and the other countries has been dramatically declined since 2016 and the peak valley occurred in July 2016, which shows that UK's exiting from EU exerted a significant influence on its EPU.
Germany and the UK exhibit the largest grey relational degrees with France. It can be seen from It can be seen from Figures 2~9 that EPU degrees of the eight countries show a large grey relational degree with stability for a long time, which suggests that there is a large integration degree among the eight European countries. However, by observing the grey relational matrix and conducting advantage analysis, it can be seen that countries with large economic mass (such as the UK, France and Germany) exhibit a relatively low grey relational degree with the other countries. Moreover, the sequence charts of grey relational show that the three curves at the bottom of each figure separately represent the UK, Germany and France and their fluctuation degrees have constantly risen in recent two years. It indicates that EPUs of the three countries are mainly dominated by factors of their own countries. Moreover, there is an increasingly rising trend.
Additionally, it can be seen that grey relational degree between the UK and other countries has significantly decreased since 2016 and there are two peaks on the right, corresponding to July and November 2016. As a matter of fact, UK's EU referendum was held on June 23, 2016 and the new Prime Minister Theresa Mary May declared the schedule of exiting from EU in October. This series of events greatly improve economic and political uncertainties of the UK, illustrated by the decrease of the grey relational degree between the UK and the other countries.
Conclusions
By analyzing the results of descriptive statistics, it can be seen that economic and political uncertainties of various countries constantly rise and there is a similar fluctuation degree. However, economic and political uncertainties of the UK have dramatically fluctuated in recent years and the peaks occurred after holding the EU referendum.
The result of GRA suggests that European countries exhibit a high grey relational degree on the whole. This indicates that there is a close influence relationship in economies and politics among European countries. However, by combining the sequence charts of grey relational degrees and the result of advantage analysis, it can be seen that the grey relational degrees of the UK, France and Germany with the other countries are lower than the correlation degrees The influence of EU referendum of the UK is reflected in all sequence charts of grey relational, and can be manifested as the dramatic decrease of grey relational degree between the UK and the other countries. GRA can be used to evaluate mutual correlations of economies and policies of different countries under uncertain conditions as well as favorably reflect the influence of exterior Black swan events.
